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Formulations were derived and computer programs were written to calculate the random 
vibrational responses of rectangular cylindrical panels cross-reinforced with ribs and stringers 
subjected to the fluctuating pressure environments. Three boundary conditions are con- 
sidered: four edges simply supported; four e d ~ $ ~  ciampsd; two opposite edges simply sup- 
ported and the other two clamped. Special cases of comolete cylinders and flat panels are 
included. Either the spectral density or the one-third-octave level of the excitation pressure 
may be input in any djscrete frequencies. Formulations areaccording to the normal mode 
approach. The responses caiculated are the acceleration, displlacernent, and stress spectral 
densities, overall mean-square and root-mean-square values. Al l  spectral densities are tabu- 
lated and plotted, New expressions for the joint acceptance of all mode combinations for 
different correlation functions are derived. Both local responses at any point and the 
average responses over the complete panel are calcuiatad. Comparison of calculated results 
with test data shows good agreement. 

INTRODUCTION 

The purpose of this project was to  develop computer pro. 
grams to calculate the random vibrational responses of rec- 
tannular cvlindrical sheil ~aneis cross-reinfctrced with ribs 
and"stringkrs. The boundary conditions considered are four 
edgos srrnply-s~+,~u, id, :z:: "2's ciarnped, and two oppo- 
site edges simply-supported while other two ciarnped. Spt- 
cia1 cases of complete cylinders and flat panels are included. 

A total of eleven computer programs have been developed. 
The main program RANDOM contains the formulations for 
the three boundary conditions and will calculate the re- 
sponses for any one of the boundavy conditions. For accu- 
rate results and large frequency range, programs were written 
for each boundary condition to perform special investigations. 

The one-third-octave spectrum of the excitation pressure 
is input in any discrete frequencies. Any excitation pressure 
spectrum of any shape can be input. This improves the simu- 
lation of the excitation pressure field. The excitation spec- 
trum is converted into pounds-per-squareinch squared per 
Hertz. Excitation pressure for each data point frequency is 
obtained by interpolation. The excitation ressure sp, 4 emurn 
is plotted both in decibel scale and in (psi) par Hertz. 

The formulations are according to the normal mode a p  
proach. Both Alan Powell's [I]  joint acceptance and Y.K. 
Lin's [21 cross spectral density of the generalized force are 
used in the formulations. The relation of tnese two quanti- 
ties is given. The analytical expressions of these two quanti- 
ties for all mode combinations for two correlation functions 
are derived. One correlation function i s  exponentially de- 
caying with separation distance and frequency suhiie the 
other is a cosine function with exponentially decaying am- 
plitude. Separate computer programs are written to study 
the joint acceptance and the cross spectral density of the 

--- aenaralized force. 
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Contributions of both main terms and cross terms are 
summd to obtain the responses. The one-nth-octave band- 
width is used for frequency increment to save computer time 
and yield smooth response spectral density plots. The fre- 
ques,cy range for the spectrum i s  5000 Hertz or more. Up to 
625 terms are summed to give the response spectral density 
zt each data point. ribre than 1000 date points can be czl- 
c v i , ~ ;  :G; c;;h reycncn coactral density plot. The respqnses 
are miculated as the displacement, the acmie;e:lon, zzc rcte 
stress spectral densitis, Mean-square and root-mean-squzre 
values are calculated by numerical integration. Response 
spectral densities are tabulated and plotted with the root- 
mean-square value printed at the top of the plot. The pro- 
grams will apply when either the complete panel or a portion 
is exposed to the excitation pressure. Both local responses 
at any point and average responses over the whole panel can 
be calculated. 

In  one of the programs, the acceleration spectral density 
is expressed in decibels referenced gravity acceleration and 
the vibro-acoustic transfer function is calculated as the accel- 
eration spectral dansity minus the excitation. This is useful 
for the investigation of the transfer function of structures. 

Separate programs are written to  investigate the contribu- 
tion of cross terms of the total response. It is found that the 
cross terms though do not contribute very much to the mean- 
square response, they do affect the shape of the response 
spectral dbsi ty to a certain degree. 

Natural frequencies of the panel are calculated in  p e  pro- 
grams. These frequency equations are newly derived or modi- 
fication of those available in the literature. For panels of 
uniform thickness, these equations are the same as those in  
the literature. For cyiindrical shell panels cross-rei~forced 
with stiffeners, no frequency equations can be found In the 
literature that can be advantageously used in the programs. 
These newly derived equations though approximate in nature, 



yet yield reasonable results. The frequency equations ac- 'jkmn 
count for the  boundary conditions, the rigidity of the 

-4 

stiffeners, and the curvature of the sheil. They are not ljkmn 
very conrplicated so they can be incorporated into the 
computer programs without requiring a large amount of 
computer time. Jjl<mn 

Cross spectral density of generalized force 

Normalized cross spectral density of gen- 
eralized force 

Joint acceptance 

A program is written to calculate the modal density and K = ,: the total number of natural frequencies up to a certain 
range. This program is useful in the investigation of dynamic 
characteristics of structures. La 

Wave number 

Excitation overall pressure level in db 

Smeared-out mass per unit area 

Modal mass 

See eqs. (30), (31) and (32) 

Area of panel 

By utilization of the developed computer programs, an 
M 

invesrigation on the effect of boundary conditions on the 
responses i s  performed. It is found that the more rigid 

+ 

'jk 
the boundary condition, the less the displacement spectral 
density and the iarger the acceieration spectrai density at nx*5 t&.v  

resonance. TI-ie root-mean-square displacements for the three S 
boundary conditions are not much different. Estimations 
of responses are made by the specttal density at funciarnental s1 = bla' 
mode. It is found that the fundamental mode contributes 
up to 50% of the mean-square responses, and the second 
mode contributes more to the acceleration than the displace- 

Spp(f) 

ment response. Spp(f 

Area of panel subjected to excitation 

Excitation spectra; density in db/Mz 

Excitation spectral density in ps i2 /~z  

Comparison of computer results with experimental data ~ * ~ ( ; f )  
from project, the Chrysler I-iuntsville Operations was conduct- 
ing for Marshall Space Flight C~nter, shows good agreement. 

A 

Acceleration spectral density in db ref- 
erenced g 

Displacement spectral density in in2/kiz E 
Ad Only important formulations are given here and details of Sww(r,f) 
f the equations will be found in the given references. + 
5 S;,fi(r,f 1 Acceleration spectral density in g 2 / ~ z  
4 
4 NOMENCLATURE 
f so G(F:f)  Stress spectral density in ps i2 /~z  

A.! Decay constant aloncl x-axis S3?;!f! 

Decay constznt along y-axis 

See eq. (15) 

See eq. (15) 

See eq. (15) 

Rigidity, eq. (2) 

Rigidity, eq. (2) 

Young's modulus of panel skin 

Young's modulus of stiffeners 

Normal mode 

Vibro-acoustic transfer function in db 

See eq. (7) 

See eq. (7) 

Radius of shell 

Spacing of width-direction stiffeners 

Circumferential width of panel 

Width of panel subjected to excitation 

Spacing of length-direction stiffeners 

Speed of sound in medium t 
4 H C 

Rigidity, cq. (2) 

Frequency response function 
f 

Hjk 
Frequency of Hertz 

Gravity acceleration 
Conjugate of Hmn 

(i 
H h n  

h 
' I  Moment of inertia of one length-direction 

stiffener with respect to neutral axis h' 

Thickness of panel skin 

Smeared-out thicltness of stiffeners 

'2 Moment of inertia of one width-direction hl=h+h2 
stiffener with respect to neutral axis 

Height 

' ~ 1 ' ~  Integrals, eq. (33) 

Ijm,lj,,,lkn,l~n See equation (10) 

Largest height of stiffeners attisee 
figure 1) 

Mode indices 



Axial length of panel 

Length of panel subjected to excitation 

One-nth-octave increment 

Overall mean-square pressure in psi2 

Position vector 

Root-mean-square displacement 

Mean-square displacement 

Cartesian coordinates of 7 

See eq. (8) 

Correlation function 

Excitation spectral density in psi2/rad/sec 

Displacement spectral density in in2/rad/sec 

Acceleration spectral density in in2/sec4/ 
rad/sec 

Stress spectral density in psi2/rad/sec 

See eq. (12) 

Constant to convert displacement spectral 
density into stress 

Damping ratio 

Separation distance along y-axis 

Poisson's ratio 

Separation distance along x-axis 

Mass density of panel skin 

Mass density of stiffeners 

Correlation coefficient 

Frequency in rad/sec 

W 
jk 

Natural frequency in radlsec 

The frequency equations are newly derived and modifica- 
tion of those available in the literature. The expressions of 
frequency equations are different for lower modes and higher 
modes and boundary conditions. Detail expressions and deri- 
vation of the frequency equations are given in[3]. Typical 
one for higher modes of two opposite edges simply-supported 
and other hvo clamped panel is as follows: 

Refer to Figure 1 for geometric dimensions: 

FIGURE 1. GEOMETRY OF RECTANGULAR CYLINDRP- 
CAL SHELL PANEL CROSS-RE1NFORCED 
WITH STIFFENERS 

It i s  seen that the effects of the stiffeners are accounted for 
by the quantities D, and D,, and the influence of the radius 
is expressed by the last term in the equation. When the rigid- 
ities of the stiffeners approach zero, the frequency equation 
reduces to that of unstiffened panel. As the radius approaches 
infinity, the frequency equation i s  that of flat panels. 

CORRELATION FUNCTIONS 

The correlation of the excitation pressure field i s  repre- 
sented by the following two correlation coefficients: 

P 2(!.) = exp(-AZ# 5 )  cos ( lC  5 )  (4) 

For spatial homogeneous pressure field, the cross spectral 
density functions of the excitation corresponding to the 
above correlation will be: 

6pp<l;22 = opp( W) exp (-AI K L ) exp I-A2K 11) (5) 



a,pp(a) exp (-AIKS ms (K 5 )  exp (-A2Kq) cos (KV) 

where 

5 = Ix , -  X2 1 

tl = ly l  -y21 

NORMAL MODES 
( - ~ ) k + n - ~  + for k P n  

(11) Normal modes are represented by 

v~here Xj and YI, are functions of x and y respectively. Ex- - 
pressions for these functions for different boundary conditions 
are given in[3]. Following i s  a typical one for the higher 
modes of the four edges clamped panel. 

Replacing k by j, n by m, and a: 2 by crl in the above expres- 
sions gives I and 1' 

Jm Jm' 

The normalized cross spectral density of the generalized 
force of the excitation is defined as m -., ?v 

X.(x) = cosh x. - cos x. - sinh x. + sin z. J J J J J 

where the area of the panel is S = b d 

JOINT ACCEPTANCE AND NORhrlALIZED CROSS SPEC- 
TRAL DENSITY OF GENERALIZED FORCE 

The relation between the joint acceptance and the normasized 
cross spectral density of the generalized force is given by 

Analytical expressions for the joint acceptance and the 
cross spectral density of the genzrafized force are derived for 
all mode combinations for two different correlation functions. 
Fnrqll~latinnc f ~ r  nt*rnnrirat ~?i~?112?ifin fif q~tntifie~ 
developed for any correlation function and mode shape. The 
cross spectral density of the generalized force i s  definedi21. 

where 

Ajkmn 
cos m(-ijk - rmn) = - 

Cj~tmn 

For the four edges simply-supported panel and the excitation 
cross spectral density functions of eqs. (5) and (61, the ex- 
pressions for have been obtained in closed forms. For 
the latter spectral density function, the complete expressions 
cover nine pages and can be found in[3]. The expressions for 
the former density function are as follows. 

+ 45jklmn 'l(qlcwmn) 

c&mn = 9 i m n  + ~ & m n  

- [ I  - I j k w / ~ j l < l  
?v 

(15) 

It i s  seen that ljkjk and Jjk.fc are iceentical. Computer Program 
JARSRI was wrttten to calculate ljkmn and Jjkmn. Figures 
2,3 and 4 are typical plots. 

ljkmn = (bl12 Qpp ( 4  ljmlkn for j = m, k = n 

= @pP ("1 Ijml&n for j = m, k + n 

= (bq20pp (w) ljmlkn for j f m, k = n 

= ap, (m) ljm lkn for j P m, k # n (90) EXCITATION PRESSURE DATA 

The excitation spectral density in psi2irad/sec is given by where 

1 
+ 

The excitation spectral densky in decibels/Hei-tz is given by 
2 + 1 ( - ~ ) k + l +  ( - ~ ) n + l ]  exp (-9) 

+ (kn)(nn) - Spp(f) = S3rd(f) - 10 loglO (0.23157f) 
for k = n (47) 

where Sgrd(f) i s  the one-third octave excitation pressure levcl 
in decibels. 



FREQUENCY (Hz1 

FIGURE 2. JOINT ACCEPTANCE, EXPONENTIALLY 
DECAYING CORRELATION FUNCTION, 
MODE INDICES: 1,1, 1'3 

FIGURE 4. NORMP,LIZED CROSS SPECTRAL DENSITY 
OF GENERALIZED FORCE, SINUSOIDAL DE. 
DECAYING CORRELATiON FUIWCPION, 
MODE INDICES: 1,1,1,3 

pROGRAM JARS87 

FREQUENCY (Hz)  

and 

L~ = 170.576 + 10 loglo (Pfl 

where 

7 pz = mean-square pressure in (psi)- 

La - exci~ation oyercrii ptajjii;.; :=:! 
in decibels reierenced 0.00502 
bJewton/meter2 

RESPONSES AT ANY POINT 

+ The displacement response spectral density at any point 
r(x,y) i s  given by 

The magnitudes of the complex frequency response functions 
and their complex conjugates are given by 

FIGURE 3. JOINT ACCEP,TANCE, SINUSOIDAL DECAY- 
ING CORRELATION FUNCTIOI\! MODE (22) 
INDICES: 1, 1, I ,  1 

The modal mass is given by 

2 The excitation spectral densiw in (psi) /Here is given by M~~ = J M F ~  jk d; 

(18) The mass distribution per unit area is: 

M = o h + p t h '  
The relations between the overall mean-square pressure and the 
the overall presshre level of the excitation are: The mean-square displacement is given by 

La/10 
p$ = 8.75526 x 1 0-l8 [ I0  1 (19) w2(q =.f oww (r,u)d w 



The oot-mean-square displacement is given by the square root 5 Four Edges Simp!y-Supported Panels: 
0:w . 

The acceleration response spectral density is given by 

4 
@ G G ( r , ~ )  = w @-(xu) (26) 

When the acceleration spectral density is in in2/sec4/rad/sec, 
the acceleration response spectral density in g 2 / ~ e r t z  is given 
by 

The acceleration spectral density in decibels referenced "g" is 

-+ 
SGg(r,f) = 10 loglO (28) 

The stress response spectral density is given by 

@acd?~) = 72g)@wc,  (29) 

The factor to  convert the displacement response into stress 
response is given by 

2 - - ( ~ h 1 ) 2  Q ~ ~ + Q ~ ~  
7 (r) - - . (30) 

4(1-v2) QZw 

where 

1 I = I  = -  
X Y 2  (341 

Four Edges Clamped Panels: 

= l y ( l )  = - 1.505611 (1.5056)~-1 + 1 sinh 2 (1 .5056~)  ' I 2 

-sinh2 (1.5056n) - 2 exp (-1.5056~] (35) 

J 

., j = 2,3 ,  ... (36) 

ly(l<) is given by eq. (36) with j replaced by k. 

Two opposite edges simply-supported while other two 
clamped: 

ly(k) is given by eqs. (35) and (36) with j replaced by k. 

ONE-NTH OCTAVE FREQUENCY [NCREMENT 

In the catcufation of the response spectrum as a function of 
frequency, uniform frequency increment is not conven;cnt-, 
becailse when the spcctr urn  is p!otred with the frequency in 
:~g~~r;i ;r~lric;  scaie, ri?e polnts w:!! bc too  clcse in higit frequency 
and too separatod in low frequency. In order to  obtain good 
plots and save computer time, it is convenient t o  use one-nth- 
octave frequency inc- ement. 

The interval Prom frequency f l  t o  f2 will be one-nth oc- 
tave if 

=1,3, ... (')" = 2 (38) 

sin EE! sin !%! 
1 b 

The geometric mean frequency o f f ,  and f2 is 

(31 

f = (flf2)% (39) 
sin !?% sin E!i 

m & .  b It can be shown that the bandwidth of the one-nth octave 

"=m% 
band is 

=1,3, ... f2 - f1  =Dnf  =Dhfl  
(40) 

AVERAGE RESPONSES where the one-nth-octave bandwidth constants are given by 

The average response over the whole structure is obtained 2 -1 
by integrating the response over the structure and dividing D = 22n- 2 2n n (41) 
the result with the area of the structure. Detail derivat~on of 
the tormulas is given in[3]. The average displacement spectral 1 - 
density is ~ ; = 2 "  - 1  (42) 

@w(WL = s ' ~ ~ ) ~ ~ ( ~ )  I I IH. l 2  Jjkjk 
j,k x y ~k 

(33) Some values of Dh and Dn for n from 1 to  50 are as follows. 
Note that when n equals to  1.2, and 3, the values of DL and 

where the expressions for I, and I for different boundary Dn are the correspono'lr~g one-octave, one-half-octave and 
conditions are as follows: Y one-third-octave bandwidth constants. 



1 
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PROGRAM RSRPCZ Value of n Value of D' Value of D 

When the one-nth-octave bandwidth i s  used for frequency in- 
crements, the expression for the number of data points will be 

fj log - 
i=nf, + 1  

log 2 
(43) 

where fo and fi are the initial and final frequencies respectively. 
For example 

FREOUENCY (Hz) 

FaGURE 5. DECIBEL SCALE ACCELERATION SPECTRAL 
DENSITY AT CENTER OF SIMPLY-SUPPORTED 
CURVED RECTANGULAR PANEL CROSS- 
REINFORCED WITH STIFFENERS Substituting into eq. (43) gives the number of data points 

PROGRAM RSRPCZ 

VIBRO-ACOUSTIC TRANSFER FUNCTION 

The vibro-acoustic transfer function at any point of a struc- 
ture i s  defined as the ratio of the response to the excitation. 
when the response and the excitation are expressed in decibeis, 
the vibro-8coustic transfer function in decibels at any point? 
vbiii ir ii~c a n ~ i i n i i u ~ ~  ill de~;tels  I I I ~ I ~ U ,  i i l t i  i.i.~yOriic: i t i  

decibels: 

3 

f )  = Vibro-acoustic transfer f ~ ~ n c t i o ~ l  in decibels 
with excitation pressure referenced 0.00002 
~ewton lmeter~  and acceleration response 
referenced g -. 

SEg(r,f) = Acceleration spectral density in decibels 
referenced g given by eq. (28) 

Sbp(f) = The spatial' homogeneous excitation spectral 
density in psi21~z given by eq. (18) FREOUENCY (Hz) 

Program KSRPC2 i s  writterl to investigate the vibro-acoustic 
transfer function of four edges simply-supported rectangular 
cylindrical shell panels cross reinforced with ribs and stringers. 
Typical plots of this program are shown in Figures 5 and 6. 

FIGURE 6. VIRRO-ACOUSTIC TRANSFER FUNCTION 
AT CENTER OF SIMPLY-SUPPORTED 
CURVED RECTP,NGULAR PANEL CROSS- 
REINFORCED WlTH STIFFENERS 

COMPUTER PROGRAMS AND RESULTS 
two opposite edges simply-supported with other two clamped. 
Controls are provided to run any one of the boundary condi- 
tions. 

1. Program RANDOM 

Program RANDOM [4] is a combination of the three pro- 
grams RSRPCI, RFRPCI, and RSFRPI. With this program a Input data for this program are (a) the materia[ constants, 

loading of the input data will be sufficient to obtain the the geometric dimensions and properties of tize shell panel 
responses of a rectangular cylindrical shell panel cross- and stiffeners, (b) the one-third-octave spectrrrm of the exci- 

reinforced with stiffeners and subjected to three boundary tation pressure, (c) x and y coordinates of the point of interest, 
conditions: all edges simply-supported, all edges clamped, and and constanrs. 



The output data of this program include: 

a. All the input data with nomenclature. 

b. The input one-third-octave spectrum of the excitation 
pressure, this excitation spectrum is conver;ed into spectral 
density both in decibel1Hertz and (psi)21~ertz,  tabulated and 
plotted. 

c. Natural frequencies of the panel both in Hertz and 
radianlsecond. 

d. Spectral densities of displacement in ( i n ~ h ) ~ / ~ e r t z ,  of 
2 stress in (psi) /Hertz, of acceleration in g 2 / ~ e r f z  and the ex- 

citation spectral densiry in (psi)L/rad/sec. In addition to 
tabulation, all three spectral densities are plotted. Typical 
plots are shown in Figures 7,8, and 9. 

--- 
FREOUENCY (Hz) 

NOTE' NUMBERSAT PEAKS INDICATE MODE INDICES AND FREQUENCIES. 

FIGURE 7. ACCELERATION SPECTRAL DENSITY AT 
CENTER OF FOUR-ECGES CLAMPED 
CURVED RECTANGULP,R PANEL CROSS- 
REINFORCED LZlIlH STIFFENER 

e. The mean-square and the root-mean-square values of 
responses and excitation.. 

f. Constants Q,, Qy, and.% and the constant 72 t o  con- 
vert the displacement pectral ensity into stress spectral 
density. 

FREOUENCY (Hi1 

FIGURE 8. DISPLACEMENT SPECTRAL DENSITY AT 
CENTER OF FOUR EDGES SIMP!-)'- 
SUPPORTED CURVED FIECI/L\NGULAR 
PANEL CROSS-REINFORCED WITH 
STlFFEllrERS 

FREQUENCY IHd 

g. Some values of the joint acceptance square for all com- FIGURE 9. STRESS SPECTRAL DENSITY AT CENTER 

binations of modes. OF TWO OPPOSiTE EDGE SIMPLY- 
SUPPORTED AlUD OTHER TWO CLAMPED 
RECTANGULAR CURVED PANEL CROSS- 

2. Programs RSRPCI, RSRPC2, RSRPC3, and RSRPC4 REINFORCED V111TH STIFFENERS 

These four programs are writren to  calculate the responses 
of the simply-supported cylindrical shelf rectangular panel Program RSRPCl calculates e spectral densities of the 
cross-reinforced with ribs and stringers for various specific 

2 
F displacement response in (inch) /Hertz, the stress rcsponse 

purposes. Input data for these programs are the same as in (psi) /Hertz, and the acceleration response in g 2 / ~ e r t z .  
Program RANDOM. The output data for these four pro- Therefore the output data are identical with Program 
grams are the same as Program RANDOM with extra output RANDOM run in the case of all edges simpty-supported. 
for each individual program. 



In addition t o  those as in Program RSRPCl, the output 
data of Program HSRPC2 include the acceleration spectral 
density in decibels reierencw! gravity acceleration and the 
v j f ~ r o - a ~ ~ ~ s t i ~  transfer function as a function of frequcncy. 
Both the transfer function and the decibel scale acceleraPion 

density are plotted. (See Figures 5 and 6.) 

Program RSRPC3 is designed t o  investigate the contribution 
of the cross terms t o  the responses. Eoth the responses of all 
terms summation and cross terms neglected are tabulated and 
plotted for conlparison. Typical plots of this program are 
shown in Figures 10 and 4 1. 

Program RSRPC4 is a modification of Program RSRPCI t o  
calculate responses a t  any point of the structure and the 
average response over the whole structure. Typical plot of 
this program is shown in Figure 12. 

RWT-MEAN-SOUARL RESPONSE - 36.23 p D - M PROGRAM RSRPC3 

FREOUENCY In*) 

FIGURE 10. ACCELERATION SPECTRAL DENSITY, ALL 
TERMS SUMMATIOIU, AT x = fi t4 = '1 1.87 in., 
y = b/2 = 29.187 in. 

3. Program RFRPCI and RFRPC4 

These programs are written t o  calculate the vibrational 
responses of the four edges clamped cylindrical shell rectangu- 
lar panel cross-reinforced with ribs and stringers. The input 
data for these progratns are the same as Program RANDOM. 
The output data for these programs are essentially the same 
as Program RANDOM except Program R F R P C 4  also gives 
average responses over the whole panel. 

Program RFRPCI calculates and lots spectral densities of 4? the displacemqnt response in (inch) /Hertz, the stress re- 
sponse in (ps i )L/~er tz ,  and the acceleration response in g2/ 
Hertz. Therefore, the output data are identical with Program 
. RANDOM run in the case of all edges clamped, except the 

frequency range can be higher and the frequency increment 
can be smaller. 

Program RFRFCrE is a modification of Program RFRPCI. 
In addition to  the output of Program RFRPC1, Program 
RFRPC.4 calculates the average responses over the whole 
structure. 

ROOT-MEbN-SOUARE RESWNSE - 3 0 2 2 ~  n - SO PROGRAM RSRFC3 

FREOUENCY (Hz1 

FIGURE 11. ACCELERATION SPECTRAL DENSITY, 
CROSS TERMS NEGLECTED, AT 
x=$/4=11.87in . ,y=b/2=29.187  in. ' 

ROOThlEAN SOUARE RESPONSE - 25.13 9 n - 33 PROGRAM RSRPCI 

FREQUENCY In11 

FIGURE 112. AVERAGE ACCELERATION SPECTRAL 
DENSITY OVER WHOLE PANEL, RADIUS 
OF CURVATURE a = 103 IMCMES 

4. Programs RSFRPI and RSFRP4 

These programs are written t o  cakulate the vibrational 
response of the two opposite edges simply-supported wi~ile 
other tMlo clamped rectangular cyiinclrical shell panel cross- 
reinforced with ribs and stringers. The input data for these 
programs are the same as Program RANDOM. Tile outp~~ut 
data for these programs are the same as Program RANDOM 
except that Program RSFRP4 also calculates tile average 
responses over the whole panel. 



Program RSFRPI calculates and plots the spectral densities PANELDATA: LENGTH - 47.5 INCISES YOUNG~SMODULUS = i n  x 106 1b11tn~ 
WIDTH SO.4 INCHFS POISTON'SRATIO - 0787 

of the displacement response in (inch)2/l-lertz. the st:e:s re- 
2 sponsn in ( p ~ i ) ~ l ~ e r f z ,  and the acceieratiort cesponse in g / 1.8 

Hertz. Therefore, the output data are identical wit13 Program 
RANDOM run in the case of two opposite edges simply- 1.6 

supported while other two clamped, except with higher fre- 
quency range and smaller frequency increment. 

1 1  
N 

Program RSFRP4 is a modification of RSFRPI. In addi- 5 

tion to calculating local responses at any point of the structure, z 1.2 
a 

Program RSFRP4 also calculates and plots average responses CI 

over the wllole panel. I 1.0 
Z 

5. Program JARSRI 
G 
!: 0.0 
%" 

., 
Tnis i s  a computer prograrn to  study the correlation coeffi- 2 g 0.6 

cient as a function of separation distance, the joint acceptance 
and the normalized cross spectral density of the generalized 
force as a function of frenuencv for various correlation func- 0.4 

tions. Typical plots of thk join; acceptance and the normal- 
ized cross spectral density of the generalized force are shown 0.2 

in Figures 2, 3 and 4. 

100 1000 

6. Program NFUOPI FREQUENCY IN HERTZ 

Program NFUOPI is to calculate the total number of modes 
and the modal density. The input data to this program are the 
material constants, the geometric dimensions and properties 
of the structure required in the frequency equations. The 
output data of this program are the tabulated and plotted 
number of modes and the modal density as a (unction of fre- 
quency. Sample results are given in Figures I3 and 74. The 
analysis of the number of modes and modal density i s  useful 
in the evaluation of the frequency equations. it enables the 
structure engineer to determine the accuracy and the behavior 
of t h ~  frequency equations. This program can be mociified l o  
apply to any structure. 

PANELDATA: LENGTH 47.SINCHES YCUNG'SMCDULUS - l o r  10' lbfimZ 
WIDTH - 58.4 INCHES POISSOII'S RATIO * 0.287 
THICKN SS - IN 

100 1WO 10mO 

FREQUENCY IN HERTZ 

FIGURE '13. NUMBER OF MODES AS A FUNCTION OF 
FREQUENCY OF A SlMPLV-SUPPORTED 
UNIFORM RECTANGULAR PANEL 

F ~ G U R ~  14. MODAL DENSITY OF A StNIPLV-SUPPORTED 
UNIFORM RECTANGULAR PANEL 

COMPARISON OF COMPUTED RESULTS WITH TEST 
DATA 

The developed computer progranis have been used in the 
research project which Chrysier H~~ntsvilie Operations con- 
ductcd for Marshail Space Flight Center under Contract No. 
NAS8-27425. The object of this project is to develca com- 
parative analysis of acoustic testing techniques and to detor- 
=:;ti! :he Cifiis f61 & C G J S ~ ; L  c ? u d ; i ; ; ~ a i ; v i t  ivsr ;cvci> utiwl. 
than specified level. Coinparison of com~ured results with 
test data shows good agreement. 

One of the test specime~s in Project NAS8-21425 was a 
4 in. x 13 in., 0.2 in. thick aluminum flat plate. The plate 
was knife-edged supported on four sides arid was subjecti.d 
to high ievel acoustic pressure untd fatigue failure occurred. 
The input SpeCTI Ltm of the acoustic pressure is shown in Fig- 
ure 15. Figure 16 shows the calculated acceleration siaccrrak 
density compared with test data at location 9, the coordinates 
of which are x = 6.5 inches and y = 1 inch. 

CONCLUSIONS 

I. In the calculation of random structural vibrational re- 
sponses due to the Fluctuating pressure environments by the 
normal mode approach, the important factors that have to he 
determined are: 

a. The normal modes 

b. The natural frequencies 

c. The joint acceptance or the cross spectral density of 
the generalized force which in turn depends on: 

( 1 )  The normal modes 

(2) The corrslafion properties of the pressure fieid 

(3) The spectral density of the excitation pressure. 
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FIGURE 15. ACOUSTIC PRESSURE SPECTRAL DENSITY 
IN DECIBELS FOR FATIGUE TEST IN 
PROJECT NAS8-21425 
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COMPUTED RESULT 
0 TESTRESULT 

FIGURE 16. COMPARISON OF CALCULATED RESULT 
WITH TEST RESULT, LOCATION NO. 9 

2. For simple structures, the determination of the mode 
shapes and frequencies can be obtained to a certain degree of 
accuracy. For complex structures, the mode shapes a d  fre- 
quencies are difficult to determine in general. 

3. For simple pressure fields, the correlation properties can 
be obtained analytically. The correlation properties of com- 
plex pressure fields will depend on experimental data. 

4. Any discrepancy of the factors mentioned above will 
affect the computed results. 

5. To develop computer programs for the calculation of 
these random vibrations, the task is to search or develop the 
necessary frequency equations, the normal modes, the ana- 
lytical expressions for the correlation properties and the 
joint acceptance. The accuracy of these quantities should 
be consistent. When these auantities are incoraorated in the 
formulations of the progran&, the required computer time 
should be moderate as to make them practical for use. Such 
task has been done in this project. 

6. One of the important feafures of the computer programs 
developed here is that any shape of the spectrum of the exci-' 
tation pressure can be input into the programs. Thus, the 
simulation of the excitation will be as accurate as the spectral 
analysis of the random pressure. 

7. The discrepancy in the determination of the natural 
frequencies will affect the response spectrum to some degree, 
while it will not affect the overall mean-square response very 
much. 

8. It is well known that the determination of the damping 
properties of structures is very difficult. By utilization of the 
developed computer programs and the results of test data, 
the damping properties of structures can be determined. This 
is another application of these programs. 
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Mr. t yon  (Bolt Berailek ---- & Wewman): sharing between the sound field and the struc- 
What happens to the value of response of your ture. Therefore, since radiation damping in 
test  s t ructures  as the internal damping goes some of these structures can bc an important 
to zero?  p u t  of the total damping, I would question 

whether o r  not one can infer the internal 
Mr. Lee: We have not t r ied it. I used -- damping from a comparison of observed 

four percent damping to obtain my results. response with the calculations. 

Mr. Lyon: One of the major resul ts  of -- Mr. Lee: I think the damping here 
all the work that has gone on in sound- simply included the internal damping a s  a part 
structure interaction in the last ten years  has of Yne radiation damping. That i s  why we have 
shown that there is a finite upper limit to the to use four percent o r  six percent damping. 
response, even LI the absence of internal 

' 
Ordinarily, structural damping is less.  

damping which is associated with an energy 


